Abstract. Cisplatin-induced heart damage is associated with enzymes and protein alterations. The purpose of this study was to investigate cisplatin-induced alterations in cardiac endothelin (ET)-1 and type III collagen following administration of cisplatin. Male Wistar rats were randomly divided into two groups: a control and a cisplatin group. The cisplatin group received cisplatin intraperitoneally (i.p.) at a single dose of 7 mg/kg on day 6, while the controls were given the same amount of saline via the same route. On day 11, the rats were anesthetized and a thoracotomy was performed on all animals. Immunohistochemical analysis was performed to evaluate the protein expression of ET-1 and type III collagen. Sections were analyzed by digital image analysis. Results showed that the cardiac protein expression of ET-1 and type III collagen was altered following cisplatin-induced toxicity in rats. The expression of ET-1 and type III collagen was significantly increased after cisplatin treatment, supported by integrated optical density, when compared to the control group (P<0.05). The present findings indicate that such alterations may be reflected in abnormal cardiac function. Additionally, the proteins identified in this study may benefit investigations into the mechanisms underlying cisplatin-induced toxicity, thereby providing the necessary evidence for further research.
Introduction
Cisplatin is a chemotherapeutic agent widely used to treat a variety of solid tumors (1, 2) . It is also an antineoplastic drug that causes an array of adverse effects on various organs and tissues (3) . Nephrotoxicity is one of the major side-effects of cisplatin chemotherapy (4) limiting the promising efficacy of cisplatin (5) . Cisplatin-based chemotherapy also has a variety of vascular side-effects (6) . Acute administration of cisplatin induces nausea/emesis and diarrhea (7) . Chronic cisplatin may induce an enteric neuropathy characterized by changes in myenteric neurons associated with marked gastrointestinal motor dysfunction (7) . Dysfunction in immune surveillance during anticancer chemotherapy of patients often causes weakness of the host defense system and a subsequent increase in microbial infections (8) .
Cisplatin-induced toxicity is known to be involved in the changes of antioxidant enzymes (GST, SOD, CAT, GSH-Px and GSH), serum superoxide dismutase (SOD), glutathione (GSH), malondiethylaldehyde (MDA), nitric oxide (NO) (9) and DNA (2,10). However, little is known about the changes in endothelin (ET)-1 and type III collagen expression in the heart following cisplatin-induced toxicity.
The present study used immunohistochemical analysis to evaluate the expression of ET-1 and type III collagen in the heart, and to determine whether or not the protein expression is altered with cisplatin-induced toxicity.
Materials and methods
Animals and study design. Sixteen healthy adult male Wistar rats, weighing 210-250 g, were used in this study. The animals were housed individually in stainless-steel wire-bottomed cages in an air-conditioned room at 25˚C with 50% relative humidity and a 12-h light/dark cycle. Rats were fed with standard pellet chow and water throughout the experimental period. The procedures described in this study were approved by the Ethics Committee of the Sun Yat-Sen University.
The rats were randomly divided into two groups (n=8 per group). In the cisplatin group, Isotonic Na chloride was administered to animals by gavage for 10 days, and cisplatin was injected intraperitoneally (i.p.) to animals at a single dose of 7 mg/kg on day 6. In the normal control group, the Isotonic Na chloride was administered to animals by gavage for 10 days and a single i.p. injection of isotonic saline was administered at the same dose on day 6.
On day 11, the animals were deeply anesthetized with sodium pentobarbital and a thoracotomy was performed. The hearts were then collected for light microscopy and immunohistochemical examination.
Histopathological examination. Heart specimens from each group were removed and examined histopathologically. The Endothelin-1 and type III collagen alterations in the heart of rats following cisplatin-induced toxicity QUAN-YONG HUANG 1 , XUE-FANG LI 2 and SHUI-PING LIU heart tissues were fixed in phosphate-buffered 4% formalin (pH 7.4) for 24 h and then embedded in paraffin. Sections were cut into 4-µm slices and stained with H&E. The slides were coded and semiquantitative analysis of the sections was performed in a blinded manner to the treatment by a pathologist. Pathological changes in these tissues were evaluated (11, 12) .
Tissue sections and immunohistochemical staining. The rat hearts were immersed in 4% formaldehyde with phosphatebuffered saline (PBS; pH 7.2), prior to being embedded in paraffin, and sectioned coronally with a microtome into 4-µm sections. Following deparaffinization, the sections were immersed in 0.3% H 2 O 2 -PBS for 10 min and incubated with PBS containing 1% normal goat serum to reduce non-specific reactions. Following incubation with either rabbit anti-ET-1 or anti-type III collagen (Santa Cruz Biotechnology, Santa Cruz, CA, USA) overnight at 4˚C, tissue sections were washed three times in PBS and incubated with biotin-conjugated secondary antibody for 1 h at room temperature, according to the manufacturer's instructions. After washing, tissue sections were incubated for 10 min in streptavidin-peroxidase and then washed three more times in PBS. Positive signals were visualized with diaminobenzidine, followed by counterstaining with methyl green (13-15). PBS was substituted for primary antibody as the negative control.
Total integrated optical density (IOD), a parameter representing the expression levels of ET-1 and type III collagen in cardiac tissue, was determined using a cast-grid microscope (MetaMorph/DP10/Bx41; UIC/Olympus, USA/JP) together with an image-analysis program (MetaMorph offline, version 4.65). Under a magnification of x400, five images were captured in each immunostained section and the average was calculated (14, 15) .
Statistical analysis. Statistical analysis was performed using SPSS 11.0 software. The results were presented as the IOD per field is proportional to the total amount of staining. Total ET-1 IOD expression in rats subjected to cisplatin intoxication was significantly higher compared to the control hearts (P<0.05). Total type III collagen IOD expression in rats subjected to cisplatin intoxication was significantly higher compared to the control (P<0.05).
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means ± SEM. The sources of variation were analyzed by the unpaired Student's t-test. P<0.05 was indicative of statistical significance.
Results
Histological examination. Routine histological examination of rat hearts from each group revealed little morphologic change (data not shown).
Expression of ET-1 protein.
Immunohistochemical staining was performed on formalin-fixed, paraffin-embedded sections from all parts of the heart, including the conduction system. Positive staining for ET-1 antibody was detected mainly in the extracellular matrix. The ET-1 antibody was manifested as fine brown granularity. Two observers examined the sections independently.
The photomicrographs in Fig. 1A and B show the positive expression of ET-1 in the control (Fig. 1A) and the cisplatinexposed (Fig. 1B) rat hearts. Total IOD expression of ET-1 in rat hearts from each group is shown in Table I . Total IOD expression of ET-1 in hearts from rats following cisplatin intoxication was significantly higher than that in the control group (Table I, P<0.05).
Expression of type III collagen protein.
The type III collagen staining was detected mainly in the extracellular matrix. Positive stanining for type III collagen was manifested as fine brown granularity.
The distribution of type III collagen in the rat hearts of the control and cisplatin groups is displayed in Fig. 2A and B, respectively. Total type III collagen IOD in the heart of animals subjected to cisplatin intoxication was significantly higher than that of control hearts (Table I, P<0.05).
Discussion
Although chemotherapy with cisplatin is a widely used and effective cancer treatment, the unfavourable side-effects associated with it markedly decrease patient quality of life.
ET-1 is a potent vasoconstrictor that contributes to pathological processes responsible for cardiovascular disease (16) . It plays a crucial role in the vascular function of most organ systems, both in physiological and pathophysiological conditions (17) . In the pathological processes responsible for hypertension (18, 19) , ET peptides and their receptors are involved in the physiological control of systemic blood pressure and body Na homeostasis (20) .
ET-1 is known to induce cardiac hypertrophy through G protein-coupled receptors (21) , and the activation of protein kinase C (PKC) has been implicated in alterations of myocyte function in cardiac hypertrophy and heart failure (22) .
The multi-factorial regulation of ET-1 includes stimulated release by cytokines, macrophages and autonomic factors, and contributes to coronary plaque rupture and triggered cardiac events (23) . ET-mediated coronary vasoconstriction is reduced with increasing exercise intensity, and decreased ET production during exercise likely contributes to the metabolic coronary vasodilation (24) . Moreover, ET-1 contributes to the progression of cardiopulmonary pathology in rats (25) . Increased ET-1 in the heart, as revealed by our results, suggested that the tissues were greatly damaged when subjected to cisplatin-induced toxicity. Results of the present study indicated that cisplatin-induced toxicity increased ET-1 expression, which is associated with the impairment of heart function.
Type III collagen is a critical collagen that comprises extensible connective tissue, a crucial component of the extracellular matrix in the heart (26, 27) , and appears to be involved in cardiac diseases. Myocardial fibrosis is the key factor that regulates left ventricular (LV) diastolic function, and collagen type III appears to be associated with cardiac fibrosis (28) . It has been shown that cardiac fibrosis occurs mainly as a result of an increase of type III collagen (29) .
The higher III/I ratio may contribute to progressive ventricular dilation and dysfunction in dilated cardiomyopathy patients (30) . Collagen type I coexists with collagen type III in fibrils of both collagenous and reticular fibers (31) . Collagen III synthesis is independent of the myofibroblast phenotype, and is reported to be regulated by differential growth factors and cytokines (32) . Oxidative stress is reportedly associated with cisplatin-induced toxicity. The decrease of antioxidant enzymes (GST, SOD, CAT, GSH-Px and GSH) is involved in the cisplatin-induced toxicity process (9) . The increased type III collagen in the heart, as shown by our results, suggests that the tissues were greatly damaged when subjected to cisplatin-induced toxicity. Findings of the present study have shown that cisplatin-induced toxicity caused an increase in type III collagen expression and this is related to the impairment of heart function.
The present results have shown that cardiac protein expression of ET-1 and type III collagen are altered following cisplatin-induced toxicity in rats. When exposed to cisplatininduced toxicity, the protein expression of ET-1 and type III collagen was significantly elevated. Thus, cisplatin-induced toxicity caused different alterations in heart proteins that may be correlated with the deterioration of cardiac function.
In conclusion, the present findings have shown that exposure to cisplatin-induced toxicity in rats leads to alterations of the heart proteins that may then be reflected in abnormal cardiac function. The proteins identified in this study may provide insight into the mechanisms underlying cisplatin-induced toxicity as well as the necessary evidence for further research.
